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During  the  preparation  of  anomalous  material  from  water,  a  residue 
is  found  in  the  capillary  tubes  even  though  the  tubes  themselves  had  been 
cleaned  prior  to  the  preparation;  i.e.,  the  capillary  tubes  were  washed  15 
times  with  water  at  which  time  no  measurable  residue  could  be  extracted. 

The  total  quantity  of  elements  other  than  H  and  0  is  smaller  for  the  prep* 
arations  from  cleaned  tubes  than  either  the  first  tube  washings  with  water 
or  the  preparations  from  uncleaned  tubes.  All  of  the  elements  found  to  be 
present  in  either  the  water  washings  of  capillary  tubes  or  in  preparations 
from  uncleaned  tubes  were  detected  in  the  preparations  from  cleaned  tubes. 

All  tube  washings  and  preparations  give  roughly  equivalent  infrared  spectra; 
i.e.,  three  broad  bands  near  1600  cm  \  1400  cm  and  1100  cm  However, 
there  are  distinct  and  consistent  differences  in  the  exact  frequencies  of 
these  absorption  bands  between  the  spectra  of  liquid  water  tube  washings  and 
the  spectra  of  anomalous  material  preparation,  whether  from  cleaned  or 
uncleaned  tubes.  These  spectral  differences  cannot  be  explained  by  changes 
in  the  amounts  of  the  elements  thus  far  detected.  The  frequency  differences 
definitely  show  changes  in  chemical  composition  between  preparations  and 
washings  and  strongly  indicate  that  the  preparation  of  anomalous  materials 
from  water  cannot  be  accounted  for  solely  on  the  basis  of  extraction  by 
liquid  water  of  elements  from  the  glass  of  which  the  capillary  tubes  are  made. 

Preparation  of  anomalous  material  from  3  percent  solutions 

t 

gave  a  material  with  an  infrared  spectrum  which  differed  in  some  frequencies 
from  the  spectrum  of  preparations  from  100  percent  H^O.  Upon  heating,  the 
frequencies  of  the  preparation  in  the  1600  cm  *  and  1400  cm  1  range 

decreased  in  intensity,  but  shifted  to  the  frequencies  found  for  H^O  prep¬ 
arations.  These  frequency  shifts  could  not  be  correlated  with  a  change  in 
elemental  composition. 
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The  residues  from  water  extraction  of  seven  types  of  crushed  glass 
can  be  divided  into  three  groups,  each  of  which  can  be  classified  by  spectral 
characteristics,  by  elemental  composition,  and  by  amount  of  material  extracted. 
Unlike  the  tube  washings  and  preparation  with  water,  the  three  groups  of  water 
extractions  of  crushed  glass  give  spectral  differences  which  are  reflected  by 
changes  in  elemental  composition. 
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INTRODUCTION  AND  BACKGROUND 

Few  scientific  reports  In  the  last  decade  have  attracted  such 
widespread  Interest  as  has  that  of  anomalous  water.  One  result  of  this 
Interest  has  been  the  experimental  and  theoretical  Investigations  of 
anomalous  materials  by  researchers  who  are  expert  in  a  wide  range  of  tech¬ 
nical  disciplines.  Yet  even  after  these  investigations,  a  number  of  basic 
questions  concerning  anomalous  water  remain  either  unanswered  or  incompletely 
answered . 

Probably  the  most  important  of  the  unanswered  questions  is  "Does 
water  alone  or  water  combined  with  another  chemical  moiety  account  for  the 
anomalous  water  phenomenon?"  From  the  experimental  results  obtained  from 
samples  of  a  new  micrograms  of  anomalous  water,  one  cannot  answer  this 
question  unambiguously. 

Chemical  analyses  by  a  number  of  laboratories  strongly  indicate 
that  elements  other  than  H  and  0  have  been  present  to  varying  degrees  in 
the  anomalous  water  samples.  It  is  important  to  note,  however,  that  excluding 
H  and  0,  no  combination  of  the  elements  detected  to  be  present  by  chemical 
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analysis  of  microgram  samples  has  been  conceived  which  will  explain  all 
of  the  experimental  observations  for  anomalous  water -especially  the  infrared 
spectrum. 

The  purpose  of  this  research  is  the  production  of  anomalous  mater¬ 
ial  prepared  from  water  and  anomalous  materials  prepared  from  selected 
organic  compounds  in  amounts  sufficiently  large  to  enable  their  characteri¬ 
zation,  and  to  permit  an  assessment  of  the  technological  utility  of  the 
anomalous  materials  to  be  made. 

It  is  believed  that  a  knowledge  of  the  impurities  present  and  the 
role  such  impurities  play,  if  any,  in  the  anomalous  water  phenomenon  is 
critical  for  an  accurate  evaluation  of  data  obtained  by  chemical  analysis 
and  for  optimization  of  synthesis  techniques  to  be  made.  Therefore,  the 
initial  experimental  work  was  designed  to  establish  qualitatively  and, 
where  possible,  quantitatively,  the  impurities  which  could  be  introduced 
during  the  preparation  of  anomalous  materials. 

It  has  been  demonstrated  that  freshly  drawn  pyrex  and  quartz 
capillaries  like  those  used  for  anomalous  water  preparations  yield  a  water- 
soluble  residue  when  they  are  washed  with  quadruply  distilled  water. ^ 
While  the  exact  nature  of  this  water-soluble  residue  was  not  characterized, 
it  was  shown  that  this  residue  from  the  water-soluble  fraction  appeared  to 
be  different  from  anomalous  material  prepared  in  the  same  capillaries. 

Also,  as  the  number  of  washes  of  a  group  of  capillaries  was  Increased,  it 
wan  observed  that  the  amount  of  the  residue  from  the  water  soluble  fraction 
significantly  decreased.  However,  after  four  washings,  some  water-soluble 
components  were  still  being  extracted. ^ 
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Therefore,  an  integral  part  of  the  present  research  program  is 
to  determine  the  nature  of  the  water-soluble  fraction  and  to  test  if  all 
detectable  water-soluble  material  could  be  removed  from  the  capillaries*. 
Experiments  were  conducted  in  which  a  group  of  pyrex  capillaries  was  washed 
until  no  detectable  water-soluble  component  was  removed. 

The  residue  from  the  water  used  for  each  wash  was  retained 
separately  for  analysis  to  determine  the  elemental  composition  of  each 
residue  and  to  approximate  the  relative  rate  at  which  each  element  was 
removed.  These  same  "cleaned"  capillaries  were  then  used  to  prepare  anom¬ 
alous  material  and  to  investigate  if  additional  components  of  the  pyrex  were 
extracted. 

Exactly  analogous  experiments  were  performed  using  propanol-1 

Instead  of  water  in  the  initial  investigation  of  anomalous  organics. 

It  has  been  observed  by  a  number  of  researchers  that  anomalous 

(2) 

water  forms  detectably  only  from  water  vapor.  Also,  it  has  been  reported 
that  in  some  cases  solubility  can  be  increased  by  as  much  as  9  orders  of 

(3) 

magnitude  in  a  thin  layer  of  solvent,  as  opposed  to  the  bulk  solvent. 
Research  in  this  report  period  included  experiments  to  test  if  such  an 
abnormal  solubility  effect  is  involved  in  the  formation  of  anomalous  mater¬ 
ials.  Accordingly,  capillaries  were  washed  with  water  vapor  in  a  pressure 
cooker . 

It  has  been  proposed  that  the  anomalous  character  of  anomalous 

water  is  due  to  the  extraction  of  some  unspecified  component  of  the  glass 

(4) 

from  which  the  capillaries  are  made.  Such  an  extract,  like  anomalous 
water,  would  have  a  density  and  index  of  refraction  greater  than  those  of 
water. 

(*)  In  this  report,  the  terms  capillary  and  tube  are  used  interchangeably. 
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To  investigate  if  some  water-soluble  fraction  of  a  glass  could  account  for 
the  reported  infrared  spectrum  of  anomalous  water,  experiments  were  started 
to  determine  what  kind  and  how  much  material  can  be  extracted  from  various 
glasses.  Crushed  portions  of  seven  different  glasses  were  extracted  with 
water.  In  addition  to  recording  their  infrared  spectra,  the  water-soluble 
fraction  of  each  glass  was  analyzed  by  emission  spectrography  to  determine 
the  metallic  composition  of  the  residues. 

Early  anomalous  water  research  at  Battelle's  Columbus  Laboratories 

suggested  that  oxygen  could  play  a  key  role  in  the  formation  of  anomalous 
(4) 

water.  In  an  attempt  to  test  this  hypothesis,  the  preparation  of  anomalous 
material  from  3  percent  aqueous  instead  of  H^O  was  attempted.  The  prep¬ 

aration  of  anomalous  material  from  30  percent  H.C.t  is  in  progress. 

4  * 

EXPERIMENTAL 

Liquid  Water  Cleaning  of  Capillary  Tubes 

For  the  liquid  water  cleaning  experiments,  about  500  freshly  pulled 
pyrex  capillary  tubes  were  placed  in  a  pyrex  baking  dish  and  the  tubes  were 
covered  with  500  ml  of  demineralized  water.  The  baking  dish  was  then  covered 
with  Saran  wrap  and  allowed  to  stand  (with  occasional  shaking)  for  seven  days. 
On  the  seventh  day,  the  water  was  poured  off  into  a  round-bottomed  pyrex 
flask.  The  baking  dish  and  tubes  were  dried  in  an  oven  at  iOO  C  and  then  a 
second  cleaning  was  started  by  adding  another  500  ml  of  demineralized  water 
to  the  dish.  This  weekly  cleaning  cycle  was  repeated  until  the  500  tubes  had 
been  washed  15  times. 

The  flask  containing  a  single  washing  was  then  placed  on  a  rotary 
evaporator  where  most  of  the  water  was  removed.  At  the  point  where  a  few  ml 
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of  water  remained  In  the  flask,  the  evaporation  was  stopped  and  the  water 
was  transferred  to  e>  weighed  pyrex  vial.  The  remaining  water  was  removed 
by  evaporation  with  and  the  weight  of  the  dry  residue  was  obtained.  A 
few  drops  of  water  were  then  added  to  the  vial  and  aliquots  of  the  solution 
were  removed  for  infrared,  emission,  and  electron  microprobe  analysis. 

The  washing  was  halted  and  the  tubes  were  considered  "cleaned"  when 
the  barely  perceivable  residue  from  the  15th  washing  gave  no  detectable 
weight  (less  than  0.1  mg)  and  no  infrared  spectrum  could  be  obtained  from 
the  residue  by  the  techniques  used  for  the  other  washings.  These  samples 
of  washings  are  designated  LW-I^O-l*,  LW-H20-2,  etc.  The  letters  stand  for 
liquid  wash  with  water  and  the  numbers  indicate  which  washing. 

In  addition,  several  standards  or  blanks  were  obtained.  LW-H^O-OO 
is  the  residue  obtained  from  the  water  used  in  these  experiments.  jW-H20-01 
and  LW-H20-02  are  the  first  and  second  system  blanks,  respectively.  A  system 
blank  is  a  duplicate  of  the  washing  experiments  without  the  tubes  being 
present.  Thus  the  sample  under  consideration  is  the  residue  obtainable  from 
a  water  wash  of  the  baking  dish,  round-bottomed  flask,  and  vial. 

Preparation  of  Anomalous  Materials  from  Water 

The  technique  used  in  our  laboratory  for  preparation  of  anomalous 
material  has  been  described  in  detail^  and  will  be  only  briefly  described 
here.  The  capillary  tubes  are  placed  on  pyrex  Petri  dishes  resting  on  a 
porcelain  plate  in  a  greaseless  desiccator.  A  pyrex  evaporating  dish  con¬ 
taining  demineralized  water  is  placed  below  the  porcelain  plate  and  the 
desiccator  is  sealed  with  a  vacuum  of  about  5  millimeters  cf  pressure  of 
mercury.  After  seven  days  the  capillaries  are  removed  from  the  desiccator 

(*)  A  complete  list  of  sample  notations  is  given  in  Appendix  A. 
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and  the  anomalous  material  is  removed  from  the  tubes  by  washing  with 
demineralised  water.  This  wash  water  is  then  placed  in  a  round-bottomed 
flask  and  the  residue  is  obtained  by  the  same  procedure  as  used  in  the 
liquid  washing  experiments. 

Two  types  of  preparation  were  attempted.  In  one  the  pyrex 
tubes  which  had  been  washed  15  times  (and  designated  "cleaned")  were  used 
for  preparation  of  the  anomalous  material.  This  preparation  is  labeled 
H^O-CP-l.  The  same  tubes  were  then  dried  and  placed  in  the  desiccator  for 
a  second  preparation.  The  sample  resulting  from  this  is  labeled  H2O-CP-2. 
(CP  stands  for  cleaned  pyrex).  In  the  second  type  of  experiment,  pyrex 
tubes  which  had  not  been  washed  or  "cleaned"  were  used  for  the  preparation. 
This  sample  is  labeled  H^O-UP-l.  (UP  stands  for  uncleaned  pyrex). 

A  system  blank  for  the  anomalous  material  preparation  (H^O-P-Ol) 
has  just  been  completed,  but  the  analyses  will  not  be  available  for  this 
report.  This  blank  is  a  duplication  of  the  preparation,  but  without  any 
capillaries,  and  thus  will  represent  the  residue  obtainable  from  a  water 
wash  of  the  desiccator,,  petri  dishes,  porcelain  plate,  round-bottomed  flask, 
and  vial. 


Preparation  of  Anomalous  Material  from  Solutions 

To  test  the  role  played  by  oxygen  in  the  formation  of  anomalous 
material,  two  preparations  were  initiated  using  3  percent  aqueous  ^0^ 
solutions  and  30  percent  aqueous  ^0^  solutions,  respectively,  instead  of 
H^O.  The  method  of  preparation  used  was  identical  to  that  described  above 
except  the  pyrex  tubes  were  washed  several  times  with  water  and  several 
times  with  ethanol  prior  to  being  placed  in  the  desiccator. 
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Upon  removal  from  the  desiccator  the  tubes  were  washed  with 
quadruply  distilled  water.  The  major  portion  of  the  wash  water  (''-’80  ml 
total)  was  removed  by  evaporation. under  reduced  pressure  5  mm  Hg).  A 
water  bath  maintained  at  40  C  was  used  to  warm  the  round-bottom  flask 
containing  the  sample.  Aliquots  of  the  resulting  concentrated  solution 
('*' 4  ml)  were  used  for  analysis.  The  residue  remaining  after  evaporation 
of  the  water  from  the  3  percent  preparation  is  labeled  H  (^-P-l.  After 

casting  a  film  on  an  Irtran  plate  from  an  aliquot  of  concentrated  solution 
for  infrared  analyses,  the  plate  and  sample  were  heated  for  60  minutes  at 
400  C  in  air.  This  sample  is  designated  H^O^-P-IH.  The  preparation 
involving  the  30  percent  aqueous  H^O^  is  still  in  progress. 

Vapor  Water  Cleaning  of  Capillary  Tubes 
Experiments  to  clean  capillary  tubes  with  water  vapor  to  test  the 
possibility  that  vapor  water  has  a  greater  solvent  power  for  glass  than  does 
liquid  water  were  carried  out.  In  this  experiment  a  pressure  cooker  was 
used  to  generate  the  water  vapor  as  steam.  About  500  pyrex  tubes  were  heated 
in  the  pressure  cooker  for  periods  up  to  eight  hours.  The  residual  water  was 
poured  off  and  the  residue  worked  up  via  a  rotary  evaporator  as  in  the  liquid 
water  wash  experiments.  These  samples  were  labeled  VW-H^O-l,  VW-H^O-Z,  etc. 
The  letters  stand  for  vapor  washing  with  water  and  the  numbers  indicate  which 
washing. 

Liquid  Propanol  Cleaning  of  Capillary  Tubes 
Prior  to  the  preparation  of  other  anomalous  materials  (such  as 
from  propanol  instead  of  water),  capillary  tubes  were  repeatedly  washed  with 
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liquid  propanol.  The  procedure  and  experimental  arrangement  was  identical 
to  that  described  for  the  liquid  water,  except  that  99  percent  plus  propanol 
was  used  for  the  washing  instead  of  demineralized  water.  These  samples  are 
designated  LW-Pr-1,  LW-Pr-2,  etc. 

Sample  LW-Pr-00  is  the  residue  obtained  from  the  propanol  used  in 
the  washings.  LW-Pr-01  is  the  residue  from  a  propanol  extraction  of  the 
Saran  wrap  used  to  cover  the  baking  dish. 

In  addition,  sample  LW-Pr-2  was  cross-extracted  with  CCl^  and 
infrared  spectra  obtained  on  both  the  CCl^  solubles  and  the  CCl^  insolubles. 

Liquid  Water  Extraction  of  Crushed  Glasses 
Experiments  were  designed  to  determine  the  composition  of 
extractable  material  from  various  glasses.  About  150  grams  each  of  seven 
types  of  glass  were  crushed  with  a  mortar  and  pestle  and  transferred  rapidly 
into  a  new  round-bottom  flask  containing  about  150  grams  of  quadruply  distilled 
water.  The  crushing  was  done  on  30  to  50-g  portions  of  glass.  Each  portion 
was  transferred  rapidly  into  the  water  to  optimize  contact  of  the  freshly 
formed  glass  surfaces  with  the  water.  The  glass  was  finely  crushed,  but  no 
attempt  to  control  particle  size  was  made.  Each  crushed  glass  remained  in 
contact  with  H^O  for  10  days.  The  samples  were  periodically  agitated.  The 
water  was  decanted  and  filtered  through  a  Gooch  crucible,  using  a  slurry  of 
Whatman  #1  filter  paper  to  remove  the  fines.  After  filtration,  the  volume 
of  the  water  was  reduced  to ^4  ml  by  the  method  described  above  for  I^O^. 

These  samples  are  designated  CG-V-1,  CG-Q-1,  etc.  CG  stands  for 
crushed  glass  extraction  and  1  signifies  the  first  extraction.  The  middle 
letter  indicates  the  type  of  glass:  V*Vycor,  Q*quartz,  P»pyrex,  N*Nonex, 
C*cobalt,  U*uranium,  and  7052*7052  glass.  CG-I^O-Ol  is  a  system  blank. 
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The  blank  was  a  150-g  aliquot  of  the  same  water  used  for  extracting 
crushed  glass.  The  blank  was  carried  through  all  operations  described 
above  except  that  it  was  never  exposed  to  a  crushed  glass. 


Analyses 


Infrared  Spectroscopy 

The  infrared  spectra  were  obtained  on  a  Perkin-Elmer  521 
spectrophotometer.  Samples  were  run  as  films  from  water  on  Irtran  plates 
or  films  from  propanol  on  NaCl  plates.  It  is  quite  significant  that  all 
samples  were  large  enough  so  that  spectra  could  be  obtained  without  a  beam 
condenser  or  the  use  of  scale  expansion. 


Electron  Microprobe 

The  microprobe  analyses  were  done  on  a  Model  400S  Scanning 
Electron  Microprobe  manufactured  by  the  Materials  Analysis  Company.  The 
samples  were  prepared  for  the  electron  microprobe  by  laying  films  (from 
water  or  propanol)  on  high  purity  aluminum  plates.  X-ray  images  of  the 
element  distributions  are  shown  in  various  figures  throughout  this  report. 
The  numerical  value  of  the  relative  intensity  counts  for  all  elements  and 
samples  studied  are  given  in  Appendix  B.  These  relative  count  values  cover 
the  range  observed  under  the  area  of  the  electron  beam.  Two  points  of 
caution  in  the  Interpretation  of  results  must  be  mentioned  here.  All 
samples  showed  varying  amounts  of  browning  or  darkening  under  the  electron 
beam.  This  coupled  with  the  high  vacuum  used  in  the  electron  microprobe 
suggests  that  the  electron  microprobe  sample  might  not  be  equivalent  in 
composition  to  the  samples  used  for  other  techniques  of  analysis.  Secondly, 
the  area  shown  in  the  photographs  in  the  figures  represents  only  a  small 
portion  of  the  total  sample.  As  will  be  seen  later,  all  elements  are  not 
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distributed  evenly  throughout  the  sample,  and  thus  the  electron  microprote 

analysis  might  not  be  representative  of  the  entire  sample. 

1 

Emission  Spectrography 

The  emission  analysis  was  performed  on  an  ARL  1.5  meter;  25,000 
line/inch  grating  instrument.  The  spectra  were  recorded  on  photographic 
film  in  the  region  2200A  to  9400A. 

Partial  results  of  the  emission  analyses  are  listed  in  several 
tables  throughout  this  report.  The  total  emission  results  are  listed  in 
Appendix  C.  All  values  are  expressed  in  micrograms  with  an  accuracy  of 
+50  percent.  The  weights  of  the  samples  used  for  emission  analysis  are 
not  known;  therefore  some  measure  of  sample  amount  is  needed  in  order  to 
be  able  tc  compare  samples  realistically.  The  next  to  last  column  of 
Appendix  B  gives  the  total  weight  of  the  elements  detected.  Values  reported 
as  <0.1,  <1.0,  <50.0,  etc.  are  included  in  the  total  as  0.1,  1.0,  50.0, 
respectively.  For  some  samples,  a  camera  was  used  which  did  not  give  precise 
values  for  K  (only  reported  as  <50.0).  For  the  same  samples,  no  values  are 
reported  for  Co,  Sb,  and  As.  Thus  the  last  column  of  Appendix  B  gives  the  total 
weight  of  the  elements  detected  minus  the  weight  of  K.  Using  the  weights 
reported  in  this  last  column  does  not  guarantee  direct  comparison  of  samples, 
but  does  give  a  better  means  of  evaluating  large  scale  changes  in  elemental 
composition;  especially  for  samples  containing  equivalent  amounts  of  K. 

Other  Analyses 

Conventional  wet  chemical  C,  H,  and  N  analyses  were  done  whenever 
the  samples  were  large  enough.  These  results  are  listed  in  Table  3.  The 
weights  of  the  residues  obtained  from  the  various  washings  and  preparations 


are  listed  in  Table  1. 


RESULTS 


Liquid  Water  Cleaning  of  Capillary  Tubes 
and  Preparation  of  Anomalous  Materials  from  Water 

Infrared  Spectra 

The  infrared  spectra  of  the  samples  obtained  from  the  liquid 
water  cleaning  of  capillary  tubes  are  shown  in  Figures  1  and  2.  The 
infrared  spectra  of  the  preparation  of  anomalous  materials  from  water 
utilizing  these  cleaned  tubes  are  also  shown  in  Figure  2. 

All  of  these  samples  show  some  infrared  absorption  in  the  con¬ 
ventional  OH  stretching  region  from  3350  to  3500  cm"*.  This  appears  to 
be  quite  typical  of  an  anomalous  water  prepared  in  pyrex  tubes.  This, 
however,  is  a  very,  very  small  amount  of  OH  absorption  when  compared  to 
the  OH  band  of  water. 

In  addition  all  of  these  samples  show  a  very  weak  CH  absorption 
between  2850  and  3000  cm"*.  This  might  indicate  some  fingerprint  contam¬ 
ination  (although  gloves  are  always  used)  or  absorption  of  organic  vapors 
which  are  only  slightly  washed  off  each  time  because  water  is  not  a  good 
solvent  for  many  organics.  On  going  from  LW-^O-l  through  to  LW-^O-IS 
the  amount  of  CH  material  appears  to  be  decreasing,  but  then  it  increases 

again, especially  in  H2O-CP-2.  This  indicates  a  need  to  wash  the  tubes 

* 

with  an  organic  solvent  prior  to  any  water  washing  or  preparation.  In 
sample  H2O-CP-2  there  is  a  weak  1730  cra"l  absorption  in  addition  to  the 
CH  absorption.  A  CCL^  extraction  of  H2O-CP-2  gave  a  residue  whose  spec¬ 
trum  showed  only  2850-3000  cm"^  absorption  and  1730  cm-*  absorption  of 
about  the  correct  relative  intensity  to  account  for  all  the  absorptions 
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at  these  frequencies  which  are  seen  in  the  spectrum  of  H2O-CP-2.  Thus 
the  organics  can  be  removed  without  affecting  the  rest  of  the  spectrum 
of  anomalous  water  samples. 

Most  of  the  spectra  of  the  liquid  water  washings  show  two 
absorption  bands  in  the  1600  cm"1  region.  One  is  at  1640  cm-1  and  the 
other  is  at  1680  cm"1,  with  the  1680  cm"1  band  being,  generally,  the  stronger 
absorption.  It  is  interesting  to  note  (although  difficult  to  see  in  the 
figures)  that  the  spectra  of  the  anomalous  water  preparations  also  show 
two  bands  in  this  region.  One  is  at  1680  cm"1,  but  the  other  is  shifted 
to  1620  cm"1.  In  addition  the  1620  cm"1  band  is  always  the  stronger  ab¬ 
sorption  in  the  spectra  of  the  preparations.  This  observation  strongly 
suggests  that  a  different  chemical  species  is  present  in  the  preparations 
than  in  the  washings.  All  washings  (LW-H2O-I  through  LW-H2O-14)  and  the 
system  blank  (LW-H2O-O2,  Figure  3)  show  the  absorption  at  1640  cm"1.  All 
preparations  including  H2O-UP-I  (Figure  3)  have  this  absorption  at  1620 
cm"1.  This  shift  is  quite  consistent  and  is  believed  to  be  significant. 

In  the  1400  cm"1  region,  the  infrared  spectra  of  the  liquid 
washings  give  very  broad  absorption  which  shows  two  peaks;  one  at  1350- 
1360  cm"1  and  one  near  1410  cm"*.  The  peak  near  1350  cm"1  is  generally 
the  stronger  absorption  although  occasionally  the  peaks  are  nearly  equal 
in  intensity.  On  the  other  hand,  the  spectra  of  the  anomalous  water 
preparations  show  a  strong  1410  cm"*  absorption  with,  at  best,  a  weak 
1350  cm"1  absorption  (the  width  of  the  1410  cm'1  band  makes  it  diffi¬ 
cult  to  determine  if  a  1350  cm"1  absorption  is  present).  This  shift 
between  washings  and  preparations  is  best  seen  in  Figure  3.  The  system 
blank  or  washing  (LW-H2O-O2)  clearly  shows  strong  absorption  at  1350  cm"* 
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while  the  preparations  (H20-CP-1,  H20-UP-1,  and  H20-CP-2)  show  strong 
1410  cm  ^  absorption.  Thus  the  1400  cm"1  spectral  region  also  clearly 
shows  differences  between  the  liquid  water  washings  and  the  preparations. 

Spectral  differences  are  also  seen  in  the  1100  cm"*  region. 
However,  these  are  not  differences  between  washings  and  preparations. 

For  purposes  of  discussion  consider  two  areas  of  infrared  absorption 
in  this  spectral  region;  one  from  1040  to  1090  cm-*  and  one  from  1120 
to  1140  cm"1.  In  Figure  1  it  can  be  seen  that  LW-^O-l  and  LW-H2O-2 
show  stronger  absorption  in  the  1040  to  1090  cm"*  range  while  LW-H2O-12 
and  LW-H2O-13  show  a  stronger  band  ?:t  1120-1140  cm"1.  This  would  seem 
to  indicate  that  continual  washing  was  removing  the  species  giving  rise 
to  the  1040-90  cm"1  absorption  more  than  the  species  giving  rise  to  the 
1120-40  cm"1  component.  However  in  LW-H2O-I4  (Figure  2)  these  bands 
are  nearly  of  equal  intensity  again.  From  Figure  3  it  can  be  seen  that 
the  preparations  in  cleaned  tubes  (H20-CP-1  and  H2O-CP-2)  give  a  stronger 
1120-40  cm"1  peak.  However,  while  ^O-UP-l  gives  a  stronger  1120-1140 
cm"1  absorption  there  is  definitely  some  1040-90  cm  *  absorption  also. 

The  system  blank  or  washing  LW-H2O-O2  gives  mainly  1040-1090  cm"^ 
absorption. 

The  effectiveness  of  the  washing  procedure  can  be  judged  from 
the  spectra  of  Figures  1  and  2.  More  than  adequate  residue  was  obtained 
to  record  the  spectra  of  LW-H2O-I  and  LW-H20-2  (Figures  1A  and  -B) . 

There  was  a  significant  decrease  in  the  amount  of  residue  available  to 
obtain  spectra  of  LW-H2O-12  and  LW-H2O-13  (Figures  1C  and  -D)  .  The 
sample  LW-H2O-14  was  very  small  (Figure  2A) .  The  resulting  spectrum 
(Figure  2A)  showed  only  weak  bands.  The  residue  LW-H2O-I5  was  barely 
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perceivable  and  no  spectrum  (Figure  2B)  could  be  obtained.  The  total 
weights  of  these  residues  and  preparations  are  given  in  Table  1,  and 
the  weights  give  clearer  indications  of  the  above  trends  due  to  the 
washings . 

After  the  15th  wash,  the  tubes  were  judged  to  be  "cleaned" 
and  an  anomalous  material  preparation  using  these  tubes  was  started. 

Even  though  these  were  "cleaned"  tubes,  material  was  observed  in  the 
tubes  after  they  were  used  for  a  preparation.  When  the  material  was 
removed  from  the  tubes  and  the  normal  water  evaporated,  the  weight  of 
material  from  this  first  preparation  was  determined  to  be  0.4  mg.  While 
this  is  greater  than  the  non-measurable  (<0.1  mg)  weight  of  the  15th 
washing,  it  is  not  as  much  as  had  been  produced  in  past  preparations  at 
Battelle,  and  is  in  the  range  of  washings  LW-H20-10  to  LW-H20-14.  This 
observation  alone  may  indicate  that  a  new  material  is  formed  in  the 
tubes  during  the  preparation  process  or  it  may  only  indicate  that  the 
vapor-like  washing  that  goes  on  during  the  preparation  can  leach  addi¬ 
tional  materials  from  the  glass  even  after  the  glass  tubes  had  been 
cleaned  by  the  liquid  washings.  A  second  preparation  using  the  same 
cleaned  tubes  yielded  0.3  mg  of  residue  while  material  prepared  in  un¬ 
cleaned  tubes  weighed  1.4  mg. 

The  preparation  in  the  uncleaned  tubes  should  give  a  weight 
in  the  range  of  3.6  mg  obtained  for  the  first  washing  (LW-H20-1)  if  a 
vapor-like  washing  is  as  effective  as  a  liquid  washing.  Since  it  did 
not,  the  formation  of  a  material  in  the  tubes  during  the  preparation 
could  be  supported. 
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TABLE  1.  WEIGHTS  OF  RESIDUES  FROM  LIQUID  WATER  CLEANINGS 
AND  ANOMALOUS  MATERIAL  PREPARATIONS 


Sample 


Weight, 

— W _ 


0.4 


LW-H20-02  (blank) 

lw-h2o-i 

LW-H20-2 

lw-h2o-io 

LW-H20-14 

LW-H20-15 

h2o-cp-i 

H20-CP-2 


3.6 

1.5 

0.5 

0.3 

no  measurable  weight 

<0.1 

0.4 

0.3 


h2o-up-i 


1.4 
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On  the  other  hand,  the  spectra  of  f^O-CP-l,  HjO-UP-l,  and  H2O-CP-2 
are  qualitatively  similar.  Thus,  the  differences  in  the  weights  (0.4, 

1.4  and  0.3  mg,  respectively)  of  the  three  preparations  may  only  reflect 
amounts  0/  available  sample  and  not  changes  in  composition.  This  will  be 
discussed  further  in  following  sections. 

The  spectra  of  the  washings  in  Figures  1  and  2  all  show  the  1600 
cm"*  band  to  be  weaker  than  the  1400  cm"*  band.  The  spectrum  of  the 
first  preparation  in  these  cleaned  tubes  (H2O-CP-I)  shows  an  intensity 
reversal,  i.e.,  the  1600  cm"*  band  is  stronger  than  the  1400  cm“*  band. 

In  the  past^  ^  we  have  used  the  latter  intensity  relationship  as  one 
indication  of  the  formation  of  a  new  material  during  the  preparation 
process.  At  the  present  time  it  would  appear  that  the  relationship 
based  on  the  stronger  1600  cm“*  versus  1400  cm'*  band  must  be  qualified 
since  in  Figure  3,  if.  is  clearly  seen  that  the  spectra  of  both  H20-CP-2 
and  H2O-UP-I  show  the  1600  cm"*  band  to  le  weaker  than  the  1400  cm"* 
band  (as  in  the  1^0  washing  samples). 

Emission  Analysis 

Emission  spectrographic  analyses  have  been  obtained  on  all  the 
liquid  washing  samples  and  on  the  preparations  of  anomalous  materials 
from  water  (except  for  H2O-CP-2).  Complete  emission  results  on  all 
samples  are  given  in  Appendix  C.  Partial  emission  results  for  the 
washings  and  preparations  are  given  in  Table  2.  The  elements  listed 
in  Table  2  are  those  which  show  weight  changes  on  going  from  sample 
to  sample.  With  this  criterion  elements  such  as  Ba,  Mn,  Fe,  Sn,  Ni, 

Cu,  Ti,  and  Cr  are  not  included  in  Table  2.  Note  that  the  numbers 
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represent  the  total  weight  in  micrograms  of  each  of  the  elements  observed. 
Since  all  of  the  elements  present  in  the  sample  (such  as  C,  0,  S,  Cl)  are 
not  observed  and  since  the  total  weight  of  the  sample  is  not  known,  com¬ 
parisons  between  samples  must  be  made  with  some  caution. 

First,  the  water  (LW-^O-OO)  used  in  the  washings  is  compara¬ 
tively  clean,  i.e.,  comparatively  free  of  the  elements  listed  in  Table  2. 
Comparing  the  analysis  of  the  water  (LW-^O-OO)  to  the  analysis  of  the 
system  blanks  or  washings  (LW-H2O-OI  and  LW-H2O-O2)  shows  that  additional 
elements  are  being  extracted  from  the  system  (the  baking  dish,  flask, 
and  vial).  Principal  among  these  appear  to  be  B,  Si,  Mg,  and  Ca.  The 
differences  between  the  two  system  blanks  (LW-^O-Ol  and  LW-H2O-O2),  can 
reasonably  be  used  to  indicate  the  limits  of  accuracy  between  any  two 
samples.  The  analysis  of  the  first  tube  washing  (LW-^O-l)  shows  a 
large  increase  in  some  elements  when  compared  to  the  analyses  of  the 
system  blanks.  This  observation  shows  that  comparatively  large  amounts 
of  B,  Si,  Ca,  and  especially  Na  are  being  extracted  from  the  pyrex  cap¬ 
illary  tubes.  In  fact^  comparison  of  the  analyses  of  LW-H2O-OI  and 
LW-H2O-14  indicates  that  except  for  Na  the  quantity  of  elements  present 
in  LW-H2O-14,  the  last  listed  tube  washing,  is  similar  to  that  of  the 
system  blank.  However  it  must  be  mentioned  here  that  in  LW-H2O-14  some 
of  the  material  present  must  still  be  coming  from  the  tubes  since  at  this 
point  the  system  has  also  gone  through  14  washings.  Therefore  the  14th 
system  blank  should,  in  theory,  yield  less  material  than  LVM^O-Ol. 

Some  of  the  numerical  values  from  the  emission  analyses  of 
the  residues  from  tube  washing  are  not  yet  understood;  for  example  the 
exceptionally  high  Na  and  K  values  in  LW-H2O-2,  or  the  low  values  for 
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all  elements  in  LW-H2O-12  and  LW-H2O-I3.  Part,  but  not  all,  of  the  low 
values  can  be  explained  by  a  much  smaller  total  sample  for  LW-H2O-12  and 
LW-H20-13. 

The  first  preparation  using  the  cleaned  tubes  (HgO-CP-l)  gives 
emission  analysis  values  that, except  for  Na,  are  below  the  values  for 
the  last  listed  tube  washing  (LW-I^O-H).  In  fact  the  emission  values 
for  the  first  preparation  are  within  the  range  (again  except  for  Na) 
of  the  elements  of  the  two  system  blanks  (LW-I^O-Ol  and  LW-H20-02)  and 
are  distinctly  lower  than  the  emission  values  found  for  the  first  prepar¬ 
ation  in  uncleaned  tubes  (H^O-UP-l).  As  would  be  expected  the  values 
found  for  I^O-'UP-l  are  most  similar  to  those  found  for  the  first  tube 
washing  (LW-H^O-l). 

The  values  found  for  the  first  perparation  in  cleaned  tubes 
(H20-CP-1)  are  also  substantially  below  the  values  found  for  the  first 
washing  (LW-H20-1) .  Thus  as  indicated  by  infrared,  washing  the  tubes 
clearly  decreases  the  concentration  of  certain  elements.  The  principal 
elements  which  are  definitely  being  removed  by  washing  are  B  and  Si 
while  Na  and  Ca  are  possibly  being  removed. 

Electron  Micronrobe  Analysis 

In  addition  to  the  metals  detected  by  emission  spectroscopy, 
electron  microprobe  microanalysis  is  also  capable  of  detecting  many 
nonmetals.  Electron  microprobe  analyses  have  been  obtained  on  all  the 
liquid  washing  samples  and  on  the  preparations  of  anomalous  materials 
from  water  (again  except  for  H20-CP-2).  The  complete  electron  microprobe 
results  are  listed  in  Appendix  B.  These  results  are  given  in  numerical 
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values  which  represent  the  density  counts  per  second  for  each  element 
studied.  In  most  cases  a  range  is  given  for  the  extremes  observed  over 
the  area  covered  by  the  electron  beam.  Use  of  these  numerical  values 
can  often  provide  a  better  basis  for  comparison  of  the  overall  composi¬ 
tion  of  samples  than  X-ray  images. 

However  the  X-ray  images  often  provide  information  on  the  dis¬ 
tribution  of  elements  within  a  specific  sample  area.  Such  X-ray  images 
are  shown  for  two  samples  in  Figures  4  through  9.  X-ray  images  are  shown 
for  only  two  samples  since  these  two  are  fairly  representative  of  the 
remainder  of  the  samples. 

Figures  4  to  6  are  X-ray  images  of  the  first  system  blank, 
sample  LW-H-0-01.  X-ray  images  of  the  first  preparation  from  cleaned 
tubes,  sample  HjO-CP-l,  are  shown  in  Figures  7  to  9.  It  was  previously 
stated  that  based  on  emission  analysis  results  LW-^O-Ol  and  ^O-CP-l 
had  similar  elemental  compositions  except  for  the  Na  content.  The  X-ray 
images  and  Appendix  B  support  most  of  the  emission  results.  The  B  X-ray 
images  in  Figures  4  and  7  indicate  a  slightly  higher  boron  or  B  content 
in  LW-^O-Ol  than  in  H^O-CP-l;  consistent  with  the  emission  results  in 
Table  2.  The  X-ray  images  in  Figures  4  to  9  also  show  roughly  equal 
amounts  of  C,  K,  Ca,  S,  and  Mg  for  the  two  samples  which  agrees  with 
the  count  per  second  values  in  Appendix  B  and  with  the  emission  values 
for  K,  Ca  and  Mg  in  Table  2.  The  X-ray  images  (and  the  numerical  values 
from  Appendix  B)  indicate  a  higher  concentration  of  both  Si  and  0  in  the 
system  blank  (LW-^O-Ol)  than  in  the  residue  from  the  clean  tube  prepar¬ 
ation  (H^O-CP-l);  consistent  with  the  emission  values  for  Si.  There  are 
no  emission  values  for  0. 
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FIGURE  4.  ELECTRON  MICROPROBE  ANALYSES  OF  LW-H20-01  SHOWING  THE  BACK 
SCATTERED  ELECTRON  IMAGE  OF  THE  SAMPLE  AND  THE  X-RAY 
DISTRIBUTION  IMAGE  FOR  B,  Na,  AND  C 
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FIGURE  5.  ELECTRON  MICROPROBE  ANALYSES  OF  LW-H-O-Ol  SHOWING  THE  X-RAY 
DISTRIBUTION  IMAGES  FOR  Mg  AND  02,  THE  BACK  SCATTERED 
ELECTRON  IMAGE  OF  THE  SAMPLE,  AND  THE  X-RAY 
DISTRIBUTION  IMAGE  FOR  K 


LW-HzO-Ot 
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FIGURE  6.  ELECTRON  MICROPROBE  ANALYSES  OF  LW-H.O-Ol  SHOWING 
THE  X-RAY  DISTRIBUTION  IMAGES  FOR  1 
Ca,  Cl,  S,  AND  St 


LW-H^-oi 
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FIGURE  7.  ELECTRON  MICROPROBE  ANALYSES  OF  H20-CP-1  SHOWING  THE  BACK 
SCATTERED  ELECTRON  IMAGE  OF  THE  SAMPLE  AND  THE  X-RAY 
DISTRIBUTION  IMAGES  FOR  B,  Na,  AND  C 
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FIGURE  8.  ELECTRON  MICROPROBE  ANALYSIS  OF  HjO-CP-l  SHOWING  THE  X-RAY 
DISTRIBUTION  IMAGES  FOR  Mg  AND  0,  THE  BACK  SCATTERED 
ELECTRON  IMAGE  OF  THE  SAMPLE,  AND  THE  X-RAY 
DISTRIBUTION  IMAGE  FOR  K 
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FIGURE  9.  ELECTRON  MICROPROBE  ANALYSES  OF  H  O-CP-1  SHOWING 
THE  X-RAY  DISTRIBUTION  IMAGES  FOR2 
Ca,  Cl,  S,  AND  Si 
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For  Cl,  the  X-ray  images  indicate  approximately  equal  quantities 
in  the  two  samples  except  that  ^O-CP-l  shows  a  very  heavy  concentration 
of  Cl  in  certain  spots,  some  of  which  are  observed  as  a  cross  pattern. 
However  for  Na,  the  electron  microprobe  results  do  not  agree  with  the 
emission  results.  Both  the  X-ray  images  and  the  numerical  values  in 
Appendix  B  indicate  a  higher  concentration  of  Na  in  LW-H^O-Ol  than  in 
H^O-CP-l,  yet  the  emission  results  in  Table  2  indicate  much  more  Na  in 
H^O-CP-l  than  in  LW-H^O-Ol.  This  discrepancy  may  result  (as  noted  in  the 
Experimental  section)  from  the  fact  that  the  electron  microprobe  beam  covers 
only  part  of  the  sample.  Thus  if  Na  is  not  evenly  distributed  in  one  of 
the  samples,  it  would  be  possible  for  the  electron  microprobe  and  emission 
analyses  to  differ  since  the  emission  analysis  is  a  function  of  the  total 
sample.  In  fact,  it  is  somewhat  surprising  that  there  are  not  more  such 
differences. 

Uneven  distribution  of  elements  has  been  noted  in  several  samples 
and  these  can  be  discerned  from  the  numerical  values  in  Appendix  B.  Most 
notable  of  these  is  LW-H^O-Z.  In  this  sample  large  crystals  resembling 
pentagons  are  observed  around  the  edge  of  the  sample.  These  large  crystals 
have  not  been  detected  in  any  other  sample.  The  crystals  contain  a  very 
heavy  concentration  of  K  and  some  Cl,  but  not  nearly  enough  Cl  to  satisfy 
stoichiometry  with  the  K.  All  the  other  elements  reported  were  detected 
in  the  area  away  from  the  large  crystals. 

As  can  be  seen  in  Appendix  B,  Cl  was  found  to  be  concentrated 
in  spots  for  most  of  the  samples  rather  than  being  evenly  distributed. 

Most  of  the  time  (as  in  the  X-ray  images  of  H^O-CP-l)  no  cationic  element 
was  detected  which  showed  a  pattern  of  spots  similar  to  that  found  for  Cl. 
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Occasionally,  however,  some  of  the  Si  distribution  patterns  were  similar 
to  that  of  Cl. 

Silicon,  like  Cl,  many  times  was  found  to  be  unevenly  distrib¬ 
uted,  i.e.,  heavily  concentrated,  at  the  edge  of  the  sample. 

K  and  Ca  were  found  in  heavier  concentrations  at  the  edges  for 
the  beginning  tube  washings  (LW-H^O-l^,  and  12),  but  noted  to  be  more 
uniformly  distributed  for  the  other  samples. 

For  any  given  element,  the  electron  microprobe  analyses  can  be 
used  to  detect  changes  in  concentration  of  that  specific  element  among 
the  various  samples.  However  the  greatest  benefit  of  the  electron  micro¬ 
probe  work  to  this  point  in  the  research  has  come  from  the  detection  of 
the  elements  that  cannot  be  studied  by  emission  spectroscopy,  i.e.,  C, 

0,  Cl,  and  S.  Quantitative  values  of  the  concentration  of  these  elements 
cannot  be  obtained.  However  it  is  important  to  note  that  these  elements 
were  detected  in  all  of  the  system  blanks,  all  of  the  liquid  washings, 
and  all  of  the  preparations  from  cleaned  or  uncleaned  tubes  alike.  The 
only  possible  exceptions  are  those  of  LW-H^O-Z  and  LW-^O-^  where  the  S 
content  appears  to  be  near  trace  quantities. 

It  is  especially  important  (for  purposes  of  interpreting  the 
infrared  spectra)  to  note  that  C  was  detected  in  every  sample.  Based  on 
a  count  per  second  value  of  about  2475  for  carbon  in  a  graphite  standard, 
it  can  be  estimated  that  the  carbon  weight  percentage  in  these  samples 
of  residues  is  in  the  5  to  15%  range.  The  total  quantity  of  elements 
may  be  decreased  with  washing,  but  all  elements  originally  detected  in 
the  blanks  and  first  wash  (LW-H^O-l)  are  present  at  all  stages  to  vary¬ 
ing  degrees.  Thus  no  element  originally  detected  was  completely  removed 
by  washing  -  even  for  tubes  which  had  been  cleaned  15  times. 
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C,  H,  N  Analysis 

Wet  chemical  or  combustion  C,  H,  N  analyses  were  obtained 
whenever  the  sample  was  large  enough.  These  values  are  listed  in 
Table  3.  Such  analyses  were  obtained  for  three  samples  of  which  only 
one  (LW-H^O-l)  is  in  the  group  of  samples  being  presently  discussed. 

Even  for  these  samples,  the  amount  of  material  was  small  enough  that 
it  is  difficult  to  state  accuracy  limits  for  these  analyses.  However 
for  LW-H^O-l,  the  carbon  percentage  is  at  the  extreme  upper  limit  de¬ 
duced  from  the  electron  microprob1  analyses. 

It  is  interesting  here  to  note  that  N  was  detected  in  sample 
LW-HjO-l.  The  C,  H,  N  analyses  for  the  other  samples  will  be  discussed 
in  later  sections. 

Preparation  of  Anomalous  Material  From  Solutions 

Infrared  Spectra 

A  preparation  of  anomalous  material  using  3%  aqueous  was 

completed.  In  addition  a  preparation  utilizing  30%  in  water  is  in 

progress.  The  purpose  of  these  preparations  was  to  learn  more  about  the 
role  oxygen  plays  in  the  formation  of  anomalous  material.  Some  surpris¬ 
ing  results  were  obtained.  First,  the  yield  from  the  37.  ^0^  PrePara" 
tion  was  about  5  mg,  a  fairly  large  yield.  In  addition,  the  infrared 
spectra  (shown  in  Figure  10)  of  the  residue  from  the  37.  ^2^2  PreParat*on 
are  similar,  yet  have  distinct  differences,  when  compared  to  the  spectra 
of  anomalous  material  prepared  from  100%  water.  The  film  prepared  for 
the  infrared  analyses  was  distinctly  sticky  to  the  touchj differing  from 
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TABLE  3. 

C-H-N  ANALYTICAL 

RESULTS 

OF  RESIDUES 

Sample 

7»C 

tn 

7oN 

lw-h2o-i  . 

16.2 

2.2 

2.5 

h2o2-p-i 

12.1 

2.5 

4.2 

LW-Pr-1 


38.9 


5.6 


2.0 
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most  preparations  from  100%  water.  The  top  spectrum  (A)  of  Figure  10 
shows  the  residue  obtained  from  the  3%  ^2^2  PreParat*-on*  Spectrum  (B) 
is  that  of  a  much  thicker  run  of  the  first  spectrum.  That  such  intense 
spectra  are  easily  recorded  is  an  indication  of  the  large  quantity  of 
material  available.  In  addition, the  absorption  bands  are  sharper  and 
at  more  distinct  frequencies  than  in  any  previous  spectrum  of  anomalous 
material. 

Instead  of  the  usual  broad  OH  stretching  vibration  (seen  in 

preparations  from  pyrex  tubes),  the  spectrum  of  this  material  shows  three 

OH  peaks  near  3460,  3380,  and  3230  cm  *.  This  observation  indicates  that 

three  types  of  OH  groups  are  present  in  the  sample.  The  two  bands  in  the 

1600  cm  *  region  are  very  strong  and  at  1680  and  1640  cm"*;  not  1620  cm’* 

-1 

as  in  the  preparations  from  pure  water.  In  the  1400  cm  region  a  band 
can  be  seen  at  1470  cm  *  with  shoulder  near  1390  or  1400  cm  *.  The  1470 
cm  *  frequency  is  high  compared  to  1410  cm  *  in  the  preparations  from 
pure  water.  A  band  is  observed  at  1175  cm  *  with  some  additional  absorp¬ 
tion  on  the  low  frequency  side  near  1090  cm  *.  In  addition,  a  weak  band 
at  787  cm  *  is  observed  in  the  spectrum  of  the  thicker  sample. 

Spectrum  (C)  of  Figure  10  shows  the  results  of  heating  (B)  of 
Figure  10  at  400  C  for  five  minutes.  The  three  OH  peaks  in  the  3400  cm  * 
region  have  disappeared  and  a  more  normal  broad  OH  band  is  observed.  The 
intensity  of  the  bands  in  the  1600  and  1400  cm  *  region  are  diminished 
compared  to  the  1100  cm  *  band.  The  1680  cm  *  has  disappeared  and  the 
1640  cm  *  band  has  shifted  to  1625  cm  *.  The  1470  cm  *  peak  shows  a 
large  shift  to  1425  cm  *  and  a  peak  at  1325  cm  *  can  now  be  clearly  seen. 
The  appearance  of  a  band  near  1425  cm  *  could  signify  carbonate  formation. 
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but  no  confirming  band  near  880  cm  can  be  detected  as  is  the  usual 
case.  The  1100  cm  ^  absorption  of  (C)  appears  unchanged. 

After  heating  (C)  of  Figure  10  at  400  C  for  an  additional  60 
minutes,  spectrum  (D)  is  obtained  (I^O^-P-IH).  Upon  heating  the  sample 
begins  to  brown  and  after  60  minutes  at  400  C,  it  appears  to  be  a  black 
powder.  The  1640  cm  ^  absorption  of  spectrum  (B)  now  appears  at  1615 
cm  The  band  in  the  1400  cm  ^  range  has  broadened,  reversed  the  orig¬ 
inal  direction  of  its  shift  and  now  appears  near  1450  cm  The  band  at 
1325  cm  ^  can  no  longer  be  seen.  The  1145  cm  ^  band  has  decreased  in 
intensity,  but  is  still  very  strong.  The  787  cm  *  band  is  missing  from 
the  spectrum  of  (D),  but  a  new  band  appears  at  1000  cm  The  frequency 
shifts  due  to  heating  this  sample  are  summarized  in  Table  4.  From  these 
frequencies  it  can  be  seen  that  even  though  the  frequencies  of  the  un¬ 
heated  sample  (H202-P-1)  are  somewhat  different  than  those  of  prepara¬ 
tions  from  pure  water  the  frequencies  of  the  heated  sample  (H202-P-1H) 
are  quite  similar  to  those  of  preparations  from  water.  In  fact,  the  spec¬ 
trum  of  H202-P-1H  would  compare  quite  well  to  spectra  of  samples  such  as 
H202~CP-1  and  H20-UP-1,  except  for  the  intensity  of  the  1145  cm  *  band. 

Emission  Analysis 

As  an  aid  to  interpreting  the  infrared  spectral  changes  due  to 
heating  H202~P-1,  emission  analyses  of  H202«P-1  and  H202-P-1H  were  obtained. 
Partial  results  of  these  analyses  are  given  in  Table  5  together  with  the 
emission  values  obtained  for  preparations  from  pure  water  (H20-CP-1  and 
H20-UP-1)  for  comparison.  Complete  emission  results  are  given  in  Appendix 
C.  Considering  the  drastic  spectral  changes  between  H^-P-l  and  H202-P-1H, 
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TABLE  4.  FREQUENCY  SHIFTS  (cm"1)  DUE  TO  HEATING  H^-P-l 


H2°2- 


P-1 


h2o2-p-i  h2o2-p-ih 

(5  min.,  400  C)  (60  min.,  400  C) 


1680 

1640  - : -  1625  -  1615 

1470  1425  1450 

1400  (Sh) 

1325  (Sh) - 1325 

1145  1145  1145 

t 

1090  (Sh) 

1000 


787 


787 
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TABLE  5.  PARTIAL  EMISSION  SPECTROGRAPHIC  ANALYSES  FOR  ANOMALOUS 
MATERIAL  PREPARATIONS 


Elements  (Hg) 


Sample 

B 

Si 

Fe 

Mg 

A1 

Na 

Ca 

K 

h2o2-p-i 

2.0 

3.0 

0.1 

5.0 

0.1 

5.0 

1.0 

5.0 

h2o2-p-ih 

1.0 

3.0 

0.1 

5.0 

0.5 

2.0 

8.0 

1.0 

H20-CP-1 

0.3 

2.0 

0.1 

1.0 

0.2 

20.0 

2.0 

<50.0 

H.O-UP-1 

5.0 

10.0 

0.5 

5.0 

1.0 

30.0 

5.0 

<50.0 
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the  differences  in  elemental  composition  are  surprisingly  small.  Some 
Na  and  K  are  lost  by  heating  the  sample,  but  this  is  offset  by  a  gain 
in  Ca  upon  heating.  (It  is  at  present  difficult  to  understand  how  Ca 
increases  by  heating  a  sample.)  Comparing  the  preparations  (H^C^-P-l) 

to  the  preparations  from  pure  water  shows  that  the  residue  contains 

much  less  Na  than  the  1^0  residues.  For  other  elements  the  H.C^  residue 

is  closer  to  t^O-CP-l  (except  for  Mg  and  possibly  B)  than  to  H.O-UP-1, 

This  is  somewhat  understandable  since  the  pyrex  tubes  used  for  the  HgOg 
preparation  were  washed  several  times  with  water  and  several  times  with 
ithanol  before  the  preparation  was  started.  Thus  the  tubes  are  prob¬ 

ably  nearer  the  condition  of  the  cleaned  tubes  used  for  H^O-CP-l  rather  than 
the  uncleaned  tubes  used  for  H-O-UP-l. 

Electron  Microprobe  Analysis 

The  electron  microprobe  results  for  l^O^-P-l  and  H^O^-P-IH  tend  to 
support  the  emission  spectrographic  results  for  these  two  samples  and  give 
information  about  changes  in  concentrating  of  elements  not  analyzed  by  emis¬ 
sion  spectrography.  Numerical  values  of  the  electron  microprobe  analyses 
are  given  in  Appendix  B.  Figures  11  through  19  show  X-ray  images  of  these 

samples.  Figures  11,  12,  and  13  are  X-ray  images  of  an  edge  of  H^O^-P-l. 

The  sample  H^O^-P-IH  was  prepared  for  the  electron  microprobe  study  by 
scraping  the  black  powder  off  the  Irtran  plate  used  for  the  infrared  study 
onto  an  A1  disc.  In  anticipation  of  fixing  the  black  powder  to  the  A1 
plate,  a  drop  of  water  was  placed  on  the  black  powder.  The  area  of  the  drop 
of  water  was  many  times  larger  than  the  area  of  the  black  powder.  After  the 
water  had  evaporated,  the  black  powder  was  observed  in  approximately  its 


FIGURE  II.  ELECTRON  MICROPROBE  ANALYSES  OF  H20,-P-1  SHOWING  THE  BACK 
SCATTERED  ELECTRON  IMAGE  OF  THE  SAMPLE  AND  THE  X-RAY 
DISTRIBUTION  IMAGES  FOR  B,  Na,  AND  C 
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FIGURE  12.  ELECTRON  MICROPROBE  ANALYSIS  OF  H202-P-1  SHOWING  THE  X-RAY 
DISTRIBUTION  IMAGES  FOR  Mg  AND  0,  THE  BACK  SCATTERED 
ELECTRON  IMAGE  OF  THE  SAMPLE,  AND  THE  X-RAY 
DISTRIBUTION  IMAGE  FOR  K 


FIGURE  13.  ELECTRON  MICROPROBE  ANALYSIS  OF  H202-P-1  SHOWING 
THE  X-RAY  DISTRIBUTION  IMAGES  FOR 
Ca,  Cl,  S,  AND  Si 
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FIGURE  14.  ELECTRON  MICROPROBE  ANALYSIS  OF  THE  BLACK  PORTION 
OF  H2O2-P-IH  SHOWING  THE  BACK  SCATTERED  IMAGE 
OF  THE  SAMPLE  AND  THE  X-RAY  DISTRIBUTION 
IMAGES  FOR  B,  Na,  AND  C 
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FIGURE  15.  ELECTRON  MICROPROBE  ANALYSIS  OF  THE  BLACK  PORTION  OF  H2O2-P-IH 
SHOWING  THE  X-RAY  DISTRIBUTION  IMAGES  FOR  Mg  AND  0,  THE 
BACK  SCATTERED  ELECTRON  IMAGE  OF  THE  SAMPLE,  AND  THE 
X-RAY  DISTRIBUTION  IMAGE  FOR  K 


44a 


1  HtOj-P-lH  (Buck) 


45 


FIGURE  16.  ELECTRON  MICROPROBE  ANALYSIS  OF  THE  BLACK 
PORTION  OF  H202-P-1H  SHOWING  THE  X-RAY 
IMAGES  FOR  Ca,  Cl,  S,  AND  Si 
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FIGURE  17.  ELECTRON  MICROPROBE  ANALYSIS  OF  THE  WHITE  PORTION  OF 
H2O2-P-IH  SHOWING  THE  BACK  SCATTERED  ELECTRON 
IMAGE  OF  THE  SAMPLE  AND  THE  X-RAY  DISTRI¬ 
BUTION  IMAGES  FOR  B,  Na,  AND  C 
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FIGURE  18.  ELECTRON  MICROPROBE  ANALYSES  OF  THE  WHITE  PORTION  OF  H202-P-1H 
SHOWING  THE  X-RAY  DISTRIBUTION  IMAGES  FOR  Mg  AND  0,  THE 
BACK  SCATTERED  ELECTRON  IMAGE  OF  THE  SAMPLE,  AND  THE 
X-RAY  DISTRIBUTION  IMAGE  FOR  K 
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FIGURE  19.  ELECTRON  MICROPROBE  ANALYSES  OF  THE  WHITE  PORTION 
OF  fl202-P-l  SHOWING  THE  X-RAY  DISTRIBUTION 
IMAGES  FOR  Ca,  Cl,  S,  AND  Si 
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original  position.  However,  a  heavy  white  film  covered  the  area  where  the 
drop  of  water  had  been.  The  film  was  many  orders  of  magnitude  more  residue 
than  could  be  obtained  from  just  a  drop  of  water.  Therefore  part  of  the 
original  black  powder  is  believed  to  have  dissolved  in  the  water  and  thus 
spread  out4 over  the  area  of  the  drop.  Figures  14,  15,  and  16  are  X-ray 
Images  of  the  black  portion  of  this  sample  (^O-P-IH).  Some  of  the  white 
portion  could  be  under  the  black  powder  particles.  Figures  17,  18,  and  19 
are  the  X-ray  images  of  the  white  portion  of  the  sample.  There  does  not 
appear  to  be  any  of  the  black  material  mixed  in  with  the  white  material. 
Appendix  B  and  Figures  11  to  19  suggest  that  the  carbon  concentration,  if 
anything,  increases  upon  heating  from  the  12.1%  for  H^C^-P-l  indicated  by 
Table  3.  The  carbon  is  much  more  heavily  concentrated  in  the  black  powder 
particles  than  in  the  white  portion  of  the  heated  sample.  This  increase 
upon  heating  is  also  true  of  0  and  Cl,  with  0  more  heavily  concentrated  in 
the  white  portion  and  Cl  fairly  evenly  distributed.  The  microprobe  results 
confirm  the  Ca  increase  on  heating  H^O^-P-l.  In  summary,  C,  0,  Cl  and  Ca  all 
apparently  Increase  upon  heating.  Since  it  is  impossible  to  see  how  these 
elements  could  form  during  the  heating  process,  it  must  mean  that  the  con¬ 
centration  of  the  other  elements  decreased  and  C,  0,  Cl,  and  Ca  became  a 
bigger  percentage  of  the  total  sample.  The  microprobe  results  indicate  that 
S  concentration  remains  about  constant,  but  is  heavier  in  the  white  portion 
of  the  sample  than  the  black.  The  Si  content  is  not  affected  by  heating 
(as  emission  indicates),  the  white  portion  of  the  heated  sample  has  almost 


no  Si. 
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Vapor  Water  Cleaning  of  Capillary  Tubes 

Since  the  preparation  of  anomalous  materials  is  essentially  a 
vapor  process,  it  was  deemed  advisable  to  repeat  the  liquid  cleaning  pro¬ 
cedure,  but  using  vapor  water  instead  of  liquid  water.  This  was  done  by 
producing  the  vapor  (as  steam)  in  a  typical  pressure  cooker. 

The  results  to  date  have  been  discouraging  and  somewhat  unpro¬ 
ductive.  The  reasons  for  this  statement  can  be  seen  in  Figure  20,  which 
shows  the  spectra  obtained  from  three  vapor  washings  of  capillary  tubes. 

The  top  (A)  spectrum  (VW-H^O-S)  is  totally  that  of  an  organic  molecule 
which  is  unlikely  to  come  from  the  pyrex  tubes.  Water  extraction  of  the 
rubber  gasket  of  the  pressure  cooker  yielded  a  residue  which  gave  a  spec¬ 
trum  identical  to  (A).  Spectrum  (B)  indicates  the  presence  of  more  inor¬ 
ganic  material  than  (A),  but  still  shows  the  presence  of  the  gasket  extract. 
The  bottom  (C)  spectrum  (VW-H^O-5)  is  much  like  that  of  liquid  water  extracts 
of  glass  tubes  and  shows  no  organic  gasket  extract.  However,  even  after  a 
lengthy  water  extraction  of  the  gasket,  residues  were  sometimes  obtained 
which  gave  spectra  like  (C);  but  sometimes  (and  randomly)  the  residues  give 
spectra  li:ce  either  (A)  or  (B).  Because  of  this  gasket  contamination  and 
because  repeated  preparations  in  both  cleaned  and  uncleaned  tubes  (which 
in  a  sense  is  a  vapor  cleaning)  are  now  being  carried  out,  the  pressure 
cooker  cleaning  experiments  have  been  discontinued. 

Liquid  Propanol -1  Cleaning  of  Capillary  Tubes 

Infrared  Spectra 

Some  of  the  same  type  problems  encountered  in  the  vapor  cleaning 
experiments  gave  problems  in  the  propanol-1  washing  experiments.  The 
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detection  of  these  problems  can  be  seen  in  Figure  21.  The  top  spectrum 
(A)  is  of  the  residue  from  the  first  tube  washing  with  propanol-1 
(LW-Pr-1).  While  other  materials  are  also  present,  the  major  component 
is  an  organic  phthalate. 

At  first  it  was  suspected  that  the  phthalate  might  originate 
from  the  propanol-1  used  for  the  washing.  Thus  the  residue  was  obtained 
from  evaporation  of  an  amount  of  propanol-1  equal  to  that  used  for  the 
washings.  The  spectrum  of  this  material  (LW-Pr-00)  is  shown  in  the  middle 
spectrum  (B)  of  Figure  21.  While  a  surprisingly  large  residue  from  99+7. 
pure  propanol-1  is  indicated,  only  a  small  portion  of  this  material  is  a 
phthlate.  The  spectrum  of  this  propanol-1  residue  does  confirm  where 
some  of  the  other  materials  in  spectrum  (A)  originate.  However,  another 
source  of  phthalate  contamination  is  indicated.  The  only  remaining  possi¬ 
bility  is  the  Saran  wrap  used  to  cover  the  baking  dish  which  holds  the 
propanol  and  the  glass  tubes.  Accordingly  we  extracted  some  Saran  wrap 
with  propanol-1  and,  after  evaporation  of  the  propanol-1,  obtained  the 
bottom  (C)  spectrum  in  Figure  21.  This  is  clearly  the  spectrum  of  a 
phthlate  and  establishes  the  source  of  the  additional  phthalate  contamination. 

New  washings  of  tubes  with  propanol-l  have  been  initiated  using  a 
glass  cover  for  the  baking  dish  (to  eliminate  the  phthalate  contamination) 
and  using  distilled  propanol-1  (to  minimize  the  propanol  residue).  These 

t 

new  washing  experiments  are  still  in  progress. 

Emission  Analysis 

While  the  propanol-1  washing  samples,  LW-Pr-1  and  LW-Pr-2  are 
heavily  contaminated  with  an  organic  phthalate  that  does  not  come  from  the 


washed  tubes,  one  can  still  obtain  much  valuable  Information  from  these 
experiments.  Partial  emission  values  for  the  first  two  propanol-1  washes 
are  listed  in  Table  6  together  with  those  for  the  first  two  water  washes. 

It  was  anticipated  that  propanol-1  would  be  a  better  solvent 
for  elements  in  the  tubes  such  as  carbon,  but  a  poorer  solvent  than  water 
for  inorganic  ions.  Because  of  the  phthalate  impurity  it  is  not  possible 
to  learn  anything  about  elements  such  as  carbon.  However,  it  is  obvious 
from  Table  6  that  propanol-1  is  as  good  a  solvent  for  inorganic  ions  as  is 
water  at  the  concentrations  under  consideration;  maybe  an  even  better  sol¬ 
vent.  Based  on  the  analyses  in  Table  6,  propanol-1  certainly  seems  to  be 
a  better  solvent  for  Si,  Fe,  Mg,  Sn,  Al,  and  Cr,  while  water  is  a  better 
solvent  for  Na,  Ca,  and  maybe  K.  The  second  propanol-1  wash,  LW-Pr-2, 
extracted  much  more  material  from  the  tubes  than  did  the  first  wash, 
LW-Pr-1.  This  is  especially  true  for  B,  Si,  Fe,  and  Al.  The  reasons  for 
higher  solubility  in  the  second  wash  are  not  understood.  Note,  however, 
that  the  second  water  wash  extracted  much  more  Na  and  K  than  did  the  first 
water  wash. 

Electron  Microprobe  Analysis 

The  electron  microprobe  results  listed  in  Appendix  B  for  LW-Pr-1 
and  LW-Pr-2  do  not  appear  to  be  as  useful  as  for  other  samples  because  of 
the  phthalate  impurity.  However  the  results  do  confirm  that  water  is  a 
better  solvent  for  K  and  S  in  pyrex  than  is  propanol-1,  but  propanol-1  is 
as  good  or  better  solvent  for  Cl  than  is  water. 


TABLE  6.  PARTIAL  EMISSION  SPECTROGRAPHIC  ANALYSIS  FOR  LIQUID  WASHINGS  OF  CAPILLARY  TUBES 
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Solvent  Extractions 

The  observation  that  propanol-1  can  extract  inorganic  ions  from 
glass  can  be  verified  by  the  infrared  spectra  of  cross-extracted  portions 
of  propanol-1  wash  residues.  These  spectra  are  shown  in  Figure  22.  The 
top  spectrum  (A)  is  that  of  the  second  propanol-1  residue,  LW-Pr-2.  Most 
of  the  spectrum  is  due  to  the  phthalate  contaminant.  Spectrum  B  is  that 
of  the  CCl^  soluble  portion  of  LW-Pr-2  and  appears  to  be  almost  pure  phtha¬ 
late.  The  bottom  spectrum  (C)  is  that  of  the  CCl^  insoluble  portion  of 
LW-Pr-2  which  closely  resembles  the  spectra  of  the  H^O  washes  of  glass  tubes. 
Thus  it  appears  that  rather  clean  separations  of  the  organic  and  inorganic 
portions  of  these  residues  can  be  made.  For  the  same  reasons  the  orcanics 
could  be  separated  from  water  washing.  This  experimental  result  should 
prove  valuable  in  future  analyses. 

Liquid  Water  Extractions  of  Crushed  Glasses 

Infrared  Spectra 

The  infrared  spectra  of  the  residue  of  the  water  extraction  of 
the  seven  types  of  crushed  glass  are  placed  in  three  groups  as  seen  in 
Figures  23,  24,  and  25.  Figure  23  shows  the  spectra  obtained  from  the 
water  soluble  residue  of  Nonex  glass  (A),  7052  glass  (B),  and  cobalt  glass 
(C).  The  spectra  of  this  group  of  samples  are  characterized  by  a  strong 
band  in  the  1350-1450  cm  *  range  and  a  strong  band  in  the  1070  to  1180  cm  * 
region.  For  CG-N-1  and  CG-C-1,  the  lower  frequency  band  is  the  stronger 
while  for  CG-7052-1,  the  high  frequency  band  near  1400  cm  *  is  the  stronger. 


In  Figure  24,  the  spectra  of  water  soluble  residue  from  uranium  glass  (A), 
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Vycor  glass  (B),  and  quartz  glass  (C)  are  characterized  by  a  very  weak  band 
in  the  1400  cm  *  region  and  a  stronger  band  near  1075  cm  The  intensities 
of  the  bands  in  this  group  of  samples  is  much  weaker  than  the  intensities 
of  the  bands  in  the  spectra  shown  in  Figure  24.  This  intensity  difference 
between  the  two  groups  of  spectra  (Figure  23  versus  Figure  24)  reflects  the 
difference  in  the  amount  of  residue  obtained  by  water  extraction.  Much  more 
material  was  extracted  for  CG-N-1,  CG-7052-1,  and  CG-C-1  than  for  CG-U-1, 
CG-V-1,  and  CG-Q-1. 

The  spectrum  of  the  water  extract  of  pyrex  glass  is  shown  in  the 
top  spectrum  (A)  of  Figure  25.  The  ratio  of  the  band  near  1400  cm  *  to  the 
one  near  1075  cm-  ^  is  intermediate  between  that  from  the  group  of  samples  in 
Figure  23  and  the  group  of  samples  in  Figure  24.  The  amount  of  material 
extracted  from  CG-F-1  also  is  intermediate  between  the  amounts  of  material 
extracted  from  the  other  two  groups.  This  difference  in  amount  is  also 
reflected  by  the  fact  that  the  intensities  of  all  the  bands  of  CG-P-1  are 
also  intermediate  between  the  intensities  of  the  bands  of  the  other  two  groups. 
The  lower  spectrum  of  Figure  25  is  of  the  residue  of  an  amount  of  water  equal 
to  that  used  for  the  extraction  which  had  previously  stood  in  a  round-bottomed 
flask  for  the  same  length  of  time  as  the  extractions.  Thus  it  is  the  system 
blank  (CG-H^O-Ol)  for  the  group  of  crushed  glass  experiments. 

This  spectrum  CG-H^O-Ol  shows  that  the  extremely  weak  bands  cannot 
account  for  much  of  the  spectra  of  the  water  soluble  residues  from  the  glasses, 
except  possibly  for  the  1400  cm  *  band  of  quartz. 

Emission  Analysis 

Part  of  the  emission  analyses  values  for  the  residues  from  the 
crushed  glass  samples  are  given  in  Table  7.  Compared  to  the  system  blank 
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TABLE  7.  PARTIAL  EMISSION  SPECTROGRAPHIC  ANALYSES  FOR  WATER 
EXTRACTIONS  OF  CRUSHED  GLASSES 


Elements  (tig) 


Sample 

Ba 

B 

Si 

Al 

Na 

Ca 

K 

Co 

Sb 

As 

CG-N-1 

0.3 

>100.0 

>100.0 

3.0 

>100.0 

7.0 

>100.0 

0.1 

3.0 

10.0 

CG-7052-1 

0.3 

>100.0 

50.0 

0.5 

100.0 

5.0 

>100.0 

0.1 

0.5 

1.0 

CG-C-1 

0.3 

>100.0 

>100.0 

3.0 

100.0 

5.0 

>100.0 

2.0 

0.5 

1.0 

CG-P-1 

0.1 

15.0 

30.0 

0.1 

50.0 

1.0 

1.0 

0.1 

0.5 

1.0 

CG-V-1 

0.1 

15.0 

20.0 

0.1 

5.0 

1.0 

1.0 

0.1 

0.5 

1.0 

CG-Q-1 

0.1 

:.o 

15.0 

0.1 

1.0 

1.0 

1.0 

0.1 

0.5 

1.0 

CG-H  0-01 

0.1 

2.0 

3.0 

0.1 

1.0 

0.5 

1.0 

0.1 

0.5 

1.0 
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(CG-^O-Ol),  it  can  be  seen  that  the  elements  listed  in  Table  7  can  be  extracted 
from  some  or  all  of  the  glasses  in  quantities  substantially  greater  than  the  blank; 
with  the  possible  exception  of  Ba.  From  Table  7  it  is  also  apparent  that  the  samples 
can  be  grouped  by  the  amounts  of  various  elements  extracted,  and  these  fall  in  the 
same  groups  as  the  spectra  were  arranged  (Figures  23,  24,  and  25).  Thus  CG-N-1, 
CG-7052-1,  and  CG-C-1  have  large  amounts  of  B,  while  the  rest  of  the  extracts  do 
not. 

The  samples  of  the  first  group  (CG-N-1,  CG-7052-1,  and  CG-C-1)  have  the 
largest  amounts  of  Si.  CG-P-1  gives  an  intermediate  value  for  Si,  while  the  samples 
of  the  third  group  (CG-V-1  and  CG-Q-1)  give  the  lowest  values  for  Si.  The  first 
group  of  samples  shows  the  presence  of  some  Al,  while  the  rest  of  the  samples 
apparently  do  not  contain  Al  since  the  emission  values  are  no  greater  than  that  of 
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the  system  blank  (CG-H^O-l).  For  Na,  the  differences  are  even  more 
distinctive.  The  first  group  of  samples  has  100  or  more  Mg  of  Na;  while 
the  .iecond  group  has  50  Mg,  and  the  third  group  has  5  or  less  Mg  of  this 
element.  Similar  comparisons  exist  for  most  of  the  elements  listed  in 
Table  7.  It  is  interesting  to  note  that  Co  is  detected  in  the  residue 
from  cobrlt  glass  and  that  Sb  and  As  are  detected  in  the  residue  from 
Nonex  glass. 

The  electron  microprobe  analysis  of  these  samples  has  not  yet  been 
done.  However,  because  of  the  emission  results  and  since  adequate  sample 
is  available,  the  microprobe  studies  are  vitally  needed.  The  microprobe 
data  will  provide  information  on  possible  anions  such  as  S,  0,  and  Cl  which 
are  present.  Also,  because  of  the  extreme  ranges  found  by  emission  for  the 
cations,  the  corresponding  anion  portion  for  specific  compounds  might  be 
deduced. 


DISCUSSION 

Liquid  Water  Cleaning  of  Capillary  Tubes  and  Preparation 
of  Anomalous  Materials  from  Water 

The  interpretation  of  the  infrared  spectra  of  preparation  of 
anomalous  materials  from  water  is  of  major  importance  toward  achieving  an 
understanding  of  the  anomalous  water  phenomenon.  Many  of  the  current  con¬ 
flicting  opinions  concerning  the  formation  and  composition  of  these  anomalous 
materials  originates  from  differences  of  interpretation  of  the  infrared 
spectra.  Thus,  attempted  use  of  the  results  of  the  emission  and  electron 
microprobe  analyses  of  both  the  tube  washings  and  the  preparations  was  made 
to  aid  in  the  interpretation  of  the  infrared  spectra. 
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It  has  been  stated  in  the  Results  section  that  the  infrared 
spectra  of  the  residue  from  liquid  water  washings  of  tubes  gave  an  absorp¬ 
tion  band  at  1640  cm  while  the  spectra  of  the  residue  from  preparations 
of  anomalous  material  from  water  gave  a  band  at  1620  cm  *.  This  frequency 
difference  between  the  two  types  of  sample  could  be  most  easily  explained 
by  a  change  in  chemical  composition  between  the  washings  and  the  preparations. 
However,  the  emission  and  microprobe  results  in  Appendices  B  and  C  do  not 
indicate  any  significant  change  in  elemental  composition  peculiar  to  the 
residue  from  washings  or  to  the  residue  from  preparations  from  water.  In 
one  sense  this  appears  to  be  uninformative,  but  from  another  viewpoint  it 
does  give  us  some  information.  One  explanation  for  the  band  in  the  1600  cm  * 
region  has  been  that  it  is  due  to  formates,  acetates,  lactates,  or  other 
carboxylic  acid  salts  (carboxylate  ions).  This  explanation  requires  the 
presence  of  a  metal  cation  which  should  vary  with  the  amount  or  type  of 
carboxylate.  The  cations  listed  in  Appendices  B  and  C  (which  include  all 
the  elements  yet  reported  for  anomalous  water)  do  not  show  changes  peculiar 
to  washings  or  preparations ,  yet  the  spectra  do  show  such  changes.  This 
observation  is  believed  to  be  evidence  against  the  interpretation  of  the 
1600  cm  *  band  as  that  of  a  carboxylate. 

In  the  1400  cm  ^  region  the  same  situation  exists.  The  spectra 
of  the  tube  washings  gives  a  stronger  band  near  1360  cm  *,  while  the  spectra 
of  the  preparations  indicate  that  the  stronger  band  is  near  1410  cm  *. 

As  for  the  1600  cm  *  region,  tha  emission  and  microprobe  results  do  not 
indicate  any  obvious  change  in  elemental  composition  that  would  explain 
the  differences  in  the  1400  cm  ^  region.  In  inorganic  systems,  this  type  of 
infrared  spectrum  could  be  explained  by  a  mixture  of  nitrates  (absorbing  near 
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1350  cm  and  carbonates  (absorbing  near  1400  cm  ^).  However,  there  are 
almost  always  confirming  bands  for  nitrates  and  carbonates  in  the  800-900  cm  * 
range.  These  confirming  bands  are  not  detected  in  the  spectra  of  the  washings 
and  the  preparations,  although  in  some  washings  bands  are  seen  between  780  and 
800  cm  Also,  while  N  concentrations  have  not  been  determined  for  most  of 
the  samples,  the  microprobe  results  for  C  do  not  fhow  the  proper  changes 
between  washings  and  preparations.  Thus  there  is  little  evidence  for  the 
presence  of  carbonates  or  nitrates  to  explain  the  changes  in  the  1400  cm  * 
region. 

Around  1100  cm  \  the  spectra  of  LW-H^O-OZ,  LW-H^O-l,  LW-^O-Z, 
and  possibly  LW-H^O-IA  show  the  stronger  absorption  to  be  in  the  1040  to 
1090  cm  *  region.  The  remainder  of  the  washings  and  the  preparations  have 
the  stronger  band  between  11Z0  and  1140  cm  From  Appendices  B  and  C  it 
can  be  seen  that  the  samples  which  have  a  stronger  1040-1090  cm  1  band  have 
a  higher  ratio  of  B  and  Si  to  S  than  the  samples  having  a  stronger  11Z0-1140  cm 
band.  This  observation  supports  the  assignment  of  the  bands  in  the  11Z0-1140 
range  as  sulfate  vibrations,  and  the  bands  between  1040  and  1090  cm  ^  as  B-0 
or  Si-0  frequencies,  or  both.  The  electron  microprobe  and  emission  analyses 
show  that  many  elements  are  present  in  these  samples,  even  in  the  preparations 
from  cleaned  tubes.  While  the  total  amount  of  the  elements  decreases  for 
preparations  in  cleaned  tubes,  the  elements  detected  are  the  same  as  those 
for  preparations  from  uncleaned  tubes  or  from  tube  washings.  Thus  a  part 
of  the  sample  from  anomalous  material  preparations  must  be  material  extracted 
from  the  glass  tubes.  On  the  other  hand,  the  elements  thus  far  identified 
cannot  account  for  the  total  material,  since  in  the  infrared  spectra  only  the 
bands  in  the  1100  cm  ^  region  can  be  explained  on  the  basis  of  changes  in  the 


concentrations  and  combinations  of  these  elements. 
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Thus,  since  the  spectral  differences  between  washings  and 
preparations  definitely  indicate  a  change  in  chemical  composition,  the 
anomalous  materials  prepared  from  water  cannot  be  accounted  for  entirely 
on  the  basis  of  extraction  of  elements  from  the  capillary  tubes  by  liquid 
water. 


Preparation  of  Anomalous  Materials  from  Solutions 

Comparison  of  the  infrared  spectra  and  the  electron  microprobe 
results  for  I^C^-P-l  and  I^C^-P-IH  tend  to  support  the  assignment  of  the 
1145  cm  1  absorption  to  an  S-0  vibration.  While  the  infrared  spectra  show 
many  changes  after  heating  H^O^-P-l,  the  intensity  of  the  1145  cm  *  band 
shows  only  a  slight  change,  and  the  electron  microprobe  results  indicate 
that  the  S  content  remains  fairly  constant. 

-1 

If  C  contributes  strongly  to  the  1600  cm  absorption,  it  would 
seem  likely  that  those  samples  which  show  a  high  carbon  concentration  would 
also  show  an  increase  in  the  intensity  ratio  of  the  1600  cm  1  band  to  the 
1400  cm  1  band.  The  electron  microprobe  results  show  that  LW-l^O-OZ, 
LW-H^O-S,  H^O-CP-l,  H^O-UP-l,  and  H2O2-P-IH  have  slightly  more  carbon  than 
the  other  samples.  Yet  among  these  five  samples  the  1600  cm  1  to  1400  cm  1 
ratio  varies  greatly;  going  from  a  stronger  1600  cm  *  band  in  the  I^O-CP-l 
and  H2O2-P-IH  to  a  stronger  1400  cm  *  band  in  LW-^O-OZ,  LW-I^O-S,  and 
H2O-UP-I.  Thus  it  is  not  apparent  that  carbon  contributes  to  the  absorption 
near  1600  cm 

The  ratio  of  the  intensity  of  the  1600  cm  ^  to  1400  cm  *  bands 
increases  on  going  from  HjO-UP-l  to  HjO-CP-l  to  H2O2-P-I,  while  the  emission 
results  indicate  the  Na  content  decreases  i  1  the  same  order.  A  preliminary 
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interpretation  of  these  data  would  indicate  that  the  frequency  near  1400  cm 
is  a  vibration  of  a  Na  compound,  as  will  be  discussed  in  the  next  section. 

The  data  on  the  crushed,  glass  extractions  support  this  interpretation. 

•  The  preparation  from  3  percent  H^O^  solutions  (H^O^-P-l)  shows 
differences  in  frequency  in  the  1600  and  1400  cm  *  range  from  the  prepa¬ 
ration  from  100  percent  H^O  (H^O-CP-l  or  H^O-UP-l).  Upon  heating,  however, 
the  frequencies  of  the  ^0^  preparation  shift  toward  those  of  the  H^O 
preparation.  And,  while  the  frequencies  of  l^C^-P-l  in  the  1600  cm  *  and 
1400  cm  ^  range  decrease  in  intensity  upon  heating,  the  resultant  spectrum 
is  much  like  that  of  J^O-CP-l. 

Liquid  Water  Extractions  of  Crushed  Glasses 

The  infrared  spectra  of  the  residues  from  the  crushed  glass 
extracts  show  a  strong  band  in  the  1400  cm  *  region  for  CG-N-1,  CG-7052-1, 

-nd  CG-C-1,  an  intermediate  intensity  in  the  1400  cm"*  band  for  CG-P-1,  and 
a  weak  band  in  this  region  for  CG-U-1,  CG-V-1,  and  CG-Q-1.  This  order  is  in 
direct  relationship  to  the  Na  content  (emission  values)  which  are  100  or  more 
JJtg  for  CG-N-1,  CG-7052,  and  CG-C-1;  50  Jig  for  CG-P-1,  and  5  or  less  Jig  for 
CG-V-1  and  CG-Q-1.  This  observation  strongly  supports  the  statement  in  the 
previous  section  that  the  frequency  near  1400  cm’*  is  a  vibration  resulting 
from  a  Na  compound. 

The  residues  from  the  water  extractions  of  the  crushed  glass  can 
be  divided  into  three  groups,  each  of  which  can  be  classified  by  spectral 
characteristics,  by  elemental  composition,  or  by  amount  of  material  extracted. 
Unlike  the  comparison  between  tube  washing  and  preparations,  the  three  groups 
of  water  extracts  show  spectral  differences  which  are  reflected  by  changes  in 
elemental  composition.  These  results  are  quite  encouraging  toward  achieving 
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an  understanding  of  the  role  impurities  play  in  anomalous  material  forma¬ 
tion.  If  the  results  of  the  electron  microprobe  analysis  of  the  residues 
from  the  crushed  glasses  are  found  to  support  the  spectral  and  emission 
results, • then  actual  preparations  of  anomalous  materials  in  tubes  of  the 
seven  types  of  glass  are  vitally  needed. 


FUTURE  PLANS 

The  results  of  the  first  six  months  research  indicate  the  need 
to  continue  some  phases  of  the  research,  drop  other  phases,  and  to  add  some 
new  experiments.  Thus  the  future  research  will  include  the  following: 

(1)  The  liquid  water  washings  of  capillary  tubes  will  be  dis¬ 
continued  insofar  as  evaporation  of  the  water  and  analysis 
of  the  residue  is  concerned.  Several  new  groups  of  tubes 
are  being  washed  (without  analysis  of  the  residue)  in  order 
to  provide  more  "cleaned"  tubes  so  that  the  quantity  of 
anomalous  material  prepared  in  "cleaned"  tubes  can  be 
increased. 

(2)  The  repeated,  l.e.,  in  the  same  tubes,  preparation  of 
anomalous  material  from  water  will  be  continued,  using 
both  "cleaned"  and  uncleaned  tubes.  These  samples  will  be 
analyzed  to  determine  if  the  elemental  composition  varies. 

t 

Weights  of  the  samples  must  be  obtained  to  determine  how 
the  yield  is  changing. 

(3)  Efforts  will  continue  with  the  propanol-1  washing  experi¬ 
ments.  If  the  use  of  a  glass  cover  on  the  baking  dish  and 
distilled  propanol-1  eliminate  contamination,  the  washings 
will  be  continued  until  the  tubes  are  cleaned.  It  is  likely 
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that  only  the  first  few  washings  will  be  analyzed,  since 
elimination  of  the  evaporation  and  analysis  greatly 
facilitates  the  washing  cycle.  Preparations  from  propanol-1 
will  be  made  from  the  cleaned  tubes  and  compared  to  prepa¬ 
rations  from  uncleaned  tubes. 

(4)  The  vapor  water  washings  of  capillary  tubes  will  be  dis¬ 
continued.  Comparison  of  the  preparation  in  cleaned  tubes 
to  the  preparation  in  uncleaned  tubes  will  give  us  the  same 
information,  since  the  preparation  is  actually  a  vapor  process, 

(5)  The  anomalous  material  preparations  from  solutions  will 

be  continued.  Comparisons  of  these  products  to  the  prepara¬ 
tions  from  pure  water  will  be  made. 

(6)  A  new  set  of  crushed  glass  extractions  will  be  initiated. 

These  experiments  will  consist  of  selecting  one  type  of 
glass  (such  as  pyrex),  crushing  the  glass,  dividing  the 
crushed  glass  into  several  portions,  and  extracting  each 
portion  with  a  different  solvent.  Acidic  H^O,  basic  1^0, 
methanol,  cyclohexane,  dioxane,  etc.  will  be  used.  The 
analyses  of  the  preparations  indicate  that  additional 

specific  information  about  the  effect  of  various  solvents  on 
glass  is  needed. 

t 

(7)  A  second  water  extraction  of  the  seven  different  crushed 
glasses  has  already  been  completed.  The  analysis  of  these 
extracts  will  dictate  the  need  to  continue  these  extractions. 

In  addition,  tubes  will  be  drawn  from  these  seven  glasses  and 


preparations  initiated. 
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(8)  The  pyrex  capillary  tubes  already  cleaned  will  be  used  to 
make  preparations  for  analyses.  The  tubes  that  are  now  being 
washed  will  be  used  (when  cleaned)  to  make  preparations  which 
will  be  combined  in  order  to  get  samples  large  enough  for 
distribution  to  other  laboratories. 

(9)  Coordination  of  Battelle's  Columbus  Laboratories  program 
with  the  program  of  the  University  of  Maryland  will  continue 
and  be  accelerated.  Preparations  from  cleaned  and  uncleaned 
tubes  will  be  sent  to  Maryland  for  ESCA  (electron  spectroscopy 
for  chemical  analysis)  analysis.  ESCA  will  provide  valuable 
information  on  the  elements  and  types  of  chemical  groups 
present.  The  need  to  identify  the  exact  species  present  in 
the  anomalous  materials  is  becoming  more  apparent. 

(10)  Separations  of  the  species  in  the  anomalous  materials  will 

be  attempted.  This  may  enable  us  to  separate  or  concentrate 
the  component  giving  rise  to  the  infrared  absorptions  in  the 
1600  cm  *  region  and  to  identify  which  components  give  rise 
to  the  anomalous  behavior  of  anomalous  materials. 

Ion  exchange  column  separations  should  be  ideal,  but  with 

the  amount  of  material  available,  the  column  could  potentially 
Introduce  a  high  percentage  of  contamination.  The  introduction 
of  contaminants  by  the  ion  exchange  column  can  be  evaluated. 
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APPENDIX  A  -  SAMPLE  NOTATION 


LW-H^O-OO  -  Blank,  the  residue  obtained  from  just  the  water  used  for 
the  liquid  washings. 

LW-H^O-Ol  -  First  system  blank  for  the  liquid  washings  With  water,  i.e., 
water  extract  of  baking  dish,  flask,  and  vial. 

LW-H20-02  ••  Second  system  blank  for  the  liquid  washings  with  water. 

LW-H^O-l  -  First  liquid  washing  of  pyrex  capillary  tubes  with  water. 


LW-H20-15 

h2o-cp-i 

H20-CP-2 

h2o-up-i 

h2o2-p-i 

h2o2-p-ih 

LW-Pr-00 

LW-Pr-01 

LW-Pr-1 

LW-Pr-2 

vw-h2o-i 


Fifteenth  liquid  washing  of  the  same  pyrex  capillary  tubes  with 
water. 

First  preparation  of  anomalous  material  from  water  using  the 
cleaned  pyrex  tubes  from  LW-H20-*15. 

Second  preparation  of  anomalous  material  from  water  using  the 
same  cleaned  pyrex  tubes  as  in  H20-CP-1. 

First  preparation  of  anomalous  material  from  water  using 
uncleaned  pyrex  tubes. 

First  preparation  of  anomalous  material  from  a  3  percent  H202 
solution  using  pyrex  tubes. 

Sample  H202»P-1  after  heating  in  air  at  400  C  for  60  minutes. 

Blank,  the  residue  obtained  from  just  the  propanol-1  used  for  the 
liquid  washings. 

Blank,  a  propanol-1  extract  of  Saran  wrap. 

First  liquid  washing  of  pyrex  capillary  tubes  with  propanol-1. 
Second  liquid  washing  of  pyrex  capillary  tubes  with  propanol- 1. 
First  vapor  washing  of  pyrex  capillary  tubes  with  steam. 


VW-H2<)-12  -  Twelfth  vapor  washing  of  pyrex  capillary  tubes  with  steam. 
CG-N-1  -  First  water  extraction  of  Nonex  crushed  glass . 


CG-7052-1  -  First  water  extraction  of  7052  crushed  glass. 


CG-C-1 

CG-P-1 

CG-U-1 

CG-V-1 


CG-Q-1 

cg-h2o-oi 


-  First  water  extraction  of  cobalt  crushed  glass. 

-  First  water  extraction  of  pyrex  crushed  glass. 

-  First  water  extraction  of  uranium  crushed  glass. 

-  First  water  extraction  of  Vycor  crushed  glass. 

-  First  water  extraction  of  quartz  crushed  glass. 

-  Blank,  residue  from  water  extraction  of  flask  used  for 
crushed  glass  extractions. 
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